Two Gram-staining-negative, aerobic, non-spore-forming rod-shaped, non-motile bacteria, designated strains R156-2 T and T58-2 were isolated from the roots of Cymbidium goeringii. The colonies were yellow-pigmented. On the basis of 16S rRNA gene sequence similarity, strains R156-2 T and T58-2 were shown to be members of the genus Chitinophaga. Strains R156-2 T and T58-2 showed the greatest level of sequence similarity with Chitinophaga niabensis (96.0-96.3 %). The major menaquinone was MK-7. The main cellular fatty acids were iso-C 15 : 0 , C 16 : 1 v5c and iso-C 17 : 0 3-OH. Phenotypic and genotypic analyses indicated that strains R156-2 T and T58-2 could not be assigned to any recognized species. Therefore, strains R156-2 T and T58-2 represent a novel species of the genus Chitinophaga, for which the name Chitinophaga cymbidii sp. nov. is proposed. The type strain is R156-2 T (5ACCC
The diversity of endophytic bacteria was large in the roots of Cymbidium goeringii. Endophytic isolates from the roots of Cymbidium goeringii were grouped into six phyla, including Alphaproteobacteria (50.9 %), Gammaproteobacteria (34.6 %), Betaproteobacteria (6.7 %), Firmicutes (5.2 %), Actinobacteria (1.9 %) and Bacteroidetes (0.7 %), and the dominant genera were Rhizobium (48.3 %) and Dyella (25.8 %) (our unpublished results). A total of 57 indole-3-acetic acidproducing strains and 47 siderophore-producing strains were isolated from the root interior of Cymbidium goeringii (Liu et al., 2010; Sun et al., 2011) . In this study, we describe novel strains of a member of the genus Chitinophaga, which were isolated from the root interior of Cymbidium goeringii.
Cymbidium goeringii samples, which have grown for 5 years in a greenhouse at the Chinese Academy of Forestry (Beijing, China), were obtained in October 2008. The roots of Cymbidium goeringii were separated from the soil, washed with tap water and surface-sterilized with 70 % ethanol for 3 min, with 3.0 % sodium hypochlorite solution for 2 min and rinsed with 70 % ethanol for 30 s followed by rinsing with sterile distilled water. To confirm that the sterilization process was successful, the aliquots of the sterile distilled water used in the final rinse were set on trypticase soy agar (TSA) medium plates. Samples (1 g) of surfacesterilized roots were ground with a sterile mortar and diluted with sterile 0.85 % sodium chloride using the standard dilution plating technique and then incubated 28 uC for 4 days. Strains R156-2 T and T58-2 were isolated from the plates of R2A agar (Difco) and trypticase soy agar (Difco), respectively. The two strains were purified using the streak plate method and then stored at 280 u C as glycerol suspension (20 %, v/v) and at 24 u C in freezedrying ampoules.
Cell morphology was studied by using light microscopy (Olympus BX-51) and transmission electron microscopy (TEM; Hitachi JEM-100SX) with cells grown for 24 h at 28 u C in R2A medium. The negatively stained cell preparation for TEM observation and determination of motility was by the method of Dong & Cai (2001) . The basic physiological and biochemical characteristics, such as Gram staining, catalase activity, oxidase activity and hydrolysis of casein, DNA, starch, chitin, tyrosine and cellulose were tested using the methods described by Dong & Cai (2001) . Physiological characteristics were examined by growing the isolates on R2A medium under a variety of conditions, including temperatures of 4, 15, 28, 40 and 45 uC, pH 6.5-11 (using increments of 0.5 pH units) and supplemented with 0, 1, 2, 3, 4, 5 and 6 % (w/v) NaCl. Flexirubin-like pigments were observed by flooding the plates with 20 % (w/v) potassium hydroxide (Fautz & Reichenbach, 1980) . Utilization of carbohydrates was determined using GN2 MicroPlates (Biolog). Additional enzyme activities and biochemical characteristics were determined by using API ZYM and API 20NE, as described by the manufacturers (bioMérieux).
Extraction of genomic DNA was performed with a commercial genomic DNA-extraction kit (Tiangen).The 16S rRNA genes of strains R156-2 T and T58-2 were amplified with the universal primers 27F and 1492R (Lane, 1991) . Amplified products were purified and cloned into vector PMD-18 (Takara). Cloned 16S rRNA genes were sequenced by Invitrogen (Shanghai). The 16S rRNA gene sequences were compared with sequences in GenBank database by using the BLAST program. Multiple alignments of the sequences were performed using CLUSTAL_X (version 1.83) (Thompson et al., 1997) . Evolutionary distances were calculated using the Kimura two-parameter model. A phylogenetic tree was reconstructed by the neighbourjoining method (Saitou & Nei, 1987) of MEGA 4 software (Tamura et al., 2007) . Other methods, namely maximumparsimony and minimum-evolution, were used to assess tree stability. Statistical significance levels of interior nodes were determined by bootstrap analysis with 1000 replicates (Felsenstein, 1985) .
The G+C content was determined by HPLC of deoxyribonucleosides by using the method of Mesbah et al. (1989) . Levels of DNA-DNA relatedness among the two strains R156-2 T and T58-2 were determined by using the reassociation rate method at a hybridization temperature of 73 u C (Dong et al., 2000) . Analysis of fatty acid methyl esters of 48 h cultures on trypticase soy agar (Difco) was performed using the standard method of Sasser (1990) and the results were compared with the database of fatty acids in the Sherlock Microbial Identification System (MIDI). Isoprenoid quinones were extracted from lyophilized cells, purified by TLC and analysed by HPLC, as described previously (Collins & Jones, 1981; Shin et al., 1996) . Polyamines were analysed according to Busse & Auling (1988) and Busse et al. (1997) .
Strains R156-2 T and T58-2 were Gram-negative, aerobic, non-spore-forming rods and non-motile. When grown on R2A agar plates for three days, colonies of both strains are yellow, circular, sticky and slightly convex. The cells have no flagella or cilia (Fig. S1, Partial 16S rRNA gene sequences of 1490 nt were obtained for strains R156-2 T and T58-2, respectively. The 16S rRNA gene sequence similarity between strains R156-2 T and T58-2 was 99.3 %. The two strains showed the highest 16S rRNA gene sequence similarity to Chitinophaga niabensis JS13-10 T (96.0-96.3 %), and sequence similarity in the range 92.1-94.9 % with other reference strains of the genus Chitinophaga. Phylogenetic analysis indicated that strain R156-2 T and T58-2 formed a distinct lineage of descent with members of the genus Chitinophaga with 97 % bootstrap support (Fig. 1) . The topologies of the maximum-parsimony and the minimum-evolution trees were essentially the same as that of the neighbour-joining
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Flavobacterium aquatile DSM 1132 T (AM230485) tree ( Figs S2 and S3) . Strains R156-2 T and T58-2 have a high DNA-DNA relatedness value of 82 %, which suggested that the two strains should be classified into one species.
The genomic DNA G+C contents of strains R156-2 T and T58-2 were 51.9 mol% and 50.4 mol%, respectively. The strains R156-2 T and Chitinophaga niabensis JS13-10 T were different in concentrations of major fatty acids and compositions of the fatty acids profiles. The major cellular fatty acids of strain R156-2 T were iso-C 15:0 (39.5 %), C 16 : 1 v5c (16.4 %), iso-C 17 : 0 3-OH (12.2 %), and iso-C 16 : 0 (1.3 %) was detected in strain R156-2 T but not in Chitinophaga niabensis JS13-10 T . In contrast, iso-C 16 : 0 3-OH was found in Chitinophaga niabensis JS13-10 T , not in strain R156-2 T . A comparison of the detailed fatty acid composition of strains R156-2 T and T58-2 with the other related type species of the genus Chitinophaga is shown in Table 2 . The fatty acid contents among these strains have qualitative and quantitative differences. Strains R156-2 T and T58-2 contained a menaquinone with seven isoprene units (MK-7) as the predominant isoprenoid quinone. Menaquinone MK-7 is commonly found in species in the family Chitinophagaceae (Kämpfer et al., 2011) . The polyamine pattern with the major compound being homospermidine in both strains was identical with those of the other recognized species characteristic of the genus Chitinophaga (Fig. S4) .
On the basis of morphological, phylogenetic and chemotaxonomic data described above, strains R156-2 T and T58-2 should be placed in the genus Chitinophaga as a novel species, for which the name Chitinophaga cymbidii sp. nov. is proposed.
Description of Chitinophaga cymbidii sp. nov.
Chitinophaga cymbidii (cym.bi9di.i. N.L. gen. n. cymbidii of the plant genus Cymbidium).
On R2A agar, colonies are yellow, circular, sticky and slightly convex. Cells are Gram-staining-negative, aerobic, nonmotile, non-spore-forming rods (0.1-0.560.8-7.5 mm). Growth is observed at temperatures between 15 and 45 u C, with an optimum growth temperature of 28 u C. The strains grow at pH 6.5-11, with an optimum at pH 7.0 and NaCl concentration range for growth is 0-6 %. Oxidase-positive and catalase-negative. Nitrate is not reduced to either nitrite or nitrogen gas. Casein, DNA, starch, tyrosine, chitin and cellulose are not hydrolysed. With the API ZYM system, positive for esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, acid phosphatase, alkaline phosphatase, N-acetyl-bglucosaminidase, naphthol-AS-BI-phosphohydrolase and agalactosidase. Negative for a-chymotrypsin, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase and a-mannosidase. With the API 20NE system negative for all the substrates. The predominant quinone is MK-7. The major cellular fatty acids include iso-C 15 : 0 , C 16 : 1 v5c and iso-C 17 : 0 3-OH. The major polyamine is homospermidine.
The type strain, R156-2 T (5ACCC 05363 T 5KCTC 23738 T ), was isolated from the roots of Cymbidium goeringii. The genomic DNA G+C content of strain R156-2 T is 51.9 mol%. 
